A sensitive and accurate method for quantitative determination of dopamine was introduced. The proposed method is based on inhibitory effect of dopamine on the oxidation of thionine by bromate in acidic media. The change in absorbance was followed spectrophotometrically at 601 nm. The dependence of sensitivity on the reaction variables was investigated and optimized to obtain the maximum sensitivity. Under optimum experimental conditions, calibration curve was linear over the range 0.2-103.3 g mL −1
Introduction
Dopamine, an organic chemical compound in the catecholamine family, was first synthesized in 1910 in England. The function of dopamine that resulted in awarding the 2000 noble prize in physiology or medicine was investigated by Swedish Clarsson. It was shown that dopamine is not only a precursor of epinephrine and norepinephrine but also a neurotransmitter. Dopamine, produced in several areas of the brain, has an important role in the brain system that is responsible for reward-driven learning and feeling pleasure [1, 2] . Parkinson's and schizophrenia were caused by decreasing and increasing of dopamine level, respectively. Moreover, the level of dopamine is increased by giving addictive drugs such as cocaine and methamphetamine [3, 4] . Thus, developing a reliable method for quantitative determination of dopamine in biological fluids has a great importance for analytical and clinical aims.
In view of the great importance of dopamine, numerous analytical techniques have been documented for its determination in different matrices and at different levels. The most common method is chromatography including high performance liquid chromatography [5] [6] [7] , high performance liquid chromatography-mass spectrometry [8] , and electrokinetic chromatography [9] . The method was mainly used in the analysis of dopamine and dopamine metabolites in biological fluids. Shortages such as set-up cost and hard operation were found in their application. Electroanalytical chemists have shown great interest in this field, and various modified electrodes using nanoparticles [10, 11] , polymer films [12, 13] , ionic liquid [14, 15] , and other modifiers [16] [17] [18] have been constructed. The main drawback of electrochemical methods is poor selectivity of the measurement. Therefore, the major target of electroanalytical methods for increasing the selectivity is the use of modifier for reducing the oxidation potential to less positive potentials especially in the case of complex matrices. Moreover, low precision (relatively high RSD%) is the other disadvantage of the electrochemical methods.
Catalytic spectrophotometric method as a relatively low cost and easy handling technique with sufficient accuracy is considered one of the most effective and appropriate methods for routine analysis of foods [19, 20] , chemical [21] , pharmaceutical, and biological [22, 23] samples. To the best of our knowledge, only a document based on catalytic effect of dopamine [24] has been found for the determination of it. Analytical parameters of the method in comparison to the developed method have been summarized in Table 1 .
The present paper reports a simple, rapid, and selective kinetic spectrophotometric method for the determination of dopamine at 601 nm, via thionine-bromate system. This method was applied, with good results, to the routine determination of dopamine in pharmaceutical preparations, serum and urine samples. 
Experimental

Apparatus.
A double beam UV-vis spectrophotometer Shimadzu (160-A, Japan) with 1 cm matched glass cell was used for recording absorption spectra and absorbance measurements. All solutions were kept in a thermostatic water bath at 25.0 ± 0.1 ∘ C. A stop watch was used for recording the reaction time.
Recommended Procedure.
After initial kinetic spectrophotometric studies of the reaction system, the reagent concentrations (except the dopamine) were judiciously chosen for the analytical procedure. For this purpose, thermal equilibrium was established at 25.0 ± 0.1 ∘ C for 30 min in thermostated water bath. Then, to a 10 mL volumetric flask, 1.1 mL of 4.0 mol L −1 of sulfuric acid, 0.9 mL of 3.0 × 10 −4 mol L −1 of thionine solution, and 0.3 mL of 100 g mL
of dopamine solution were placed. The solution was diluted to 8 mL approximately. Then, 0.1 mL of 0.05 mol L −1 bromate solution was added to the reaction mixture, followed by dilution to 10 mL with water. Time measurement was just started after adding the last drop of bromate solution. After thorough mixing, a portion of the solution was transferred to the cell and the absorbance was measured against water at 601 nm and 25 ∘ C for fixed times of 0.5 and 4.5 min. The measurements were repeated in the absence of dopamine to obtain the value for the uninhibited reaction as the absorbance of the blank. The absorbance changes of the inhibited and uninhibited reactions were labeled Δ and Δ , respectively. The difference in the absorbance (Δ = Δ − Δ ) was considered as the response. Under optimum experimental conditions, a calibration curve was constructed by plotting the response (Δ ) against dopamine concentration.
Procedure of Sample Preparation.
The injection solution (200 mg) was diluted in a 1 L volumetric flask. An appropriate amount of the solution was used in each analysis. Human urine and serum were used as biological samples for the determination of dopamine. At first, each sample was spiked with different amounts of dopamine (including two linear segments of calibration curve), and C 18 cartridge (Supelco Inc., 10 mL) was used for purification and preconcentration of dopamine as described previously [26] .
Results and Discussion
Thionine (also known as Lauth's violet), a dark green crystalline powder thiazine base, is useful as a basic stain in histology for mucin and chromatin because of its metachromatic properties. Oxidation of thionine by strong oxidizing agents resulted in the formation of a colorless product. It was used for kinetic spectrophotometric studies of hydrazine [21] , vanadium [25] , and ruthenium [27] .
The aim of this study is to establish a new strategy for quantitative determination of dopamine. The method is based on the inhibitory effect of dopamine on the oxidation of thionine by bromate in acidic media. The possible mechanism is described as follow.
(1) Thionine in reduced form is oxidized by bromate in acidic media that resulted to production of bromide and thionine in reduced form as a colorless product. The reaction was quite slow (reaction (1)):
(2) Bromine generation is down by a well known reaction between bromide and bromate in acidic media (reaction (2)):
(3) Oxidation of thionine is down by generated bromine that is faster than oxidation by bromate (reaction (3)):
(4) A reducing agent (in this case dopamine) reacts rapidly with bromine and therefore inhibits the decolorizing reaction of thionine (reaction (4)):
Since the level of inhibition depends on the dopamine amount, developing an analytical method for the determination of it is possible.
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Optimization of Effective Parameters on the Reaction Rate.
The influence of sulfuric acid concentration on the response was studied over the range of 0.12 to 0.48 mol L −1 . As it can be seen in Figure 1 , the response was increased along with the sulfuric acid concentration up to 0.4 mol L −1 . Therefore, 0.4 mol L −1 of sulfuric acid concentration was selected as optimum. The decrease of response at higher acidic media may be attributed to protonation of thionine. Figure 2 shows the influence of thionine concentration on the inhibited and uninhibited reactions over the range of 15.0 to 45.0 mol L −1 . As it can be seen, the response was increased up to 30.0 mol L −1 whereas at higher concentrations it was decreased. Therefore, 30.0 mol L −1 of thionine was selected for further study. Aggregation of thionine at higher concentrations can be resulted to this behavior.
Under optimum concentration of sulfuric acid and thionine, the influence of bromate concentration on the sensitivity was investigated in the range of 0.25 to 0.55 mmol L −1 . As shown in Figure 3 , the maximum sensitivity was obtained at 0.55 mmol L −1 . Since the absorbance change of uninhibited is more than inhibited reaction, the sensitivity was decreased. The effect of temperature on the reaction rate was studied in the range of 15 to 45 ∘ C with obtained optimum conditions. The results in Figure 4 show a maximum at 30 ∘ C. Therefore, 30 ∘ C was selected as the optimum temperature. The optimum time was found by measuring the change in the absorbance during 30 to 420 s ( Figure 5 ). The reaction rate was increased up to 240.0 s, and for longer times it was decreased. Therefore, 240 s was selected as the optimum value. . The regression equations of first and second linear segments as (5) and (6) are as follow:
where Δ is response, [dopamine] is the dopamine concentration in g mL −1 , and 2 is the square correlation coefficient. The limit of detection (3 / ; is the standard deviation of the blank signal for 8 replicate determinations and is the slope of calibration curve) was 0.057 g mL and 0.97% for 30.0 g mL −1 of dopamine (in second linear segment), respectively.
Effect of Diverse Species Study.
Selectivity of the developed method was evaluated by studying the effect of foreign species including different ions and coexisting species on the determination of 1.0 g mL −1 dopamine. The tolerance limit was defined as the concentration which gave an error of 3.0% in the determination of 1.0 g mL −1 of dopamine (about three times the relative standard deviation of the proposed method in 1.0 g mL −1 of dopamine). The results are summarized in Table 2 .
Real Sample Analysis.
The feasibility of the proposed method for the determination of dopamine in dopamine injection solution as pharmaceutical and human urine and serum sample as biological sample was examined. Pharmaceutical sample preparation was performed using the mentioned procedure. An appropriate amount of the samples were analysed by the recommended procedure, and the results of four replicate determinations were given in Table 3 . The obtained results indicated that dopamine contents by the recommended procedure are in good agreement with the labeled value. The statistical t-test did not show any significant difference between the results (the 95% confidence level and three degrees of freedom). Also, the procedure was used for the quantification of dopamine in urine and serum samples. After sample preparation (as discussed previously), the extracted dopamine was analysed using recommended procedure. The results were given in Table 4 . The recoveries vary in the range 99.00-102.13% and 99.00-101.00% for urine and serum samples, respectively. Therefore, the developed method is free from interfering effect of matrix effect and suitable for analysis of dopamine in different samples. 
Conclusion
Dopamine can be determined with a good precision and accuracy at levels as low as 0.2 g mL −1 using thioninebromate reaction system. The proposed method is simple and more sensitive than the reported method [24] . Furthermore, many shortages such as set-up cost, complex extraction, poor linearity, lack of selectivity, or high limit of detection than other techniques were not found during application.
